Abstract Background: The use of subacromial corticosteroid injection (CSI) to treat rotator cuff tendinopathy is controversial. We hypothesized that characteristics such as activity level, American Shoulder and Elbow Surgeons (ASES) score, duration of symptoms, and status of the rotator cuff may be prognostic factors for resolution of symptoms postinjection. Methods: During a 12-month period, consecutive patients with rotator cuff disease were analyzed. Patients received subacromial CSI, oral NSAIDs, and physical therapy. Baseline ASES score, simple shoulder test, an activity scale, and demographic data were recorded. Patients who remained symptomatic and were indicated for surgery were considered failures. Patients that did not undergo surgery were reassessed after a minimum of 1 year. Results: Forty-nine patients met our criteria. Follow-up was obtained for 81.6%. Sixteen cases (40%) failed conservative treatment at final follow-up (22.4±11 months). CSI were successful in 76.2% of males and 45% of females (p00.04). Fullthickness tears were present in 8% of the patients with symptom resolution and 25% of those that failed conservative treatment (p00.29). No significant difference was found in age, hand dominance, duration of symptoms, or any of the scoring systems. Conclusion: It is difficult to predict outcomes after CSI. Our treatment strategy showed a 40% failure rate.
Patients were eligible for study enrollment if they fulfilled the following criteria: (1) age over 18 years old, (2) physical exam consistent with rotator cuff tendinopathy, and (3) symptoms for over a 3-month duration or symptoms for less than 3 months that were waking the patient at night or persistent symptoms after a 6-week course of physical therapy and oral NSAIDs. The history included shoulder pain that exacerbated by overhead or resisted activity, or sleeping on the effected shoulder [20] . Patients also had physical examination findings consistent with rotator cuff disease including pain with external rotation strength testing and supraspinatus testing, as well as positive Neers and Hawkins' signs [10] . Patients with evidence of glenohumeral osteoarthritis on plain radiographs, previous corticosteroid injections, previous surgery on the affected shoulder, and worker's compensation were excluded.
There were 49 consented patients eligible to participate in the study. Follow-up was obtained for 40 (81.6%) of the 49 patients. Sixteen patients (40%) had surgery-hence, failed conservative treatment. Mean time for surgical indication after the CSI was 19.2 ± 14.5 months (range 2-60 months). Twenty-four patients had no surgical indication and were followed further with the mentioned outcome scales. Mean follow-up time for the nonsurgical group was 22.4±11 months (range 13-68 months). The mean followup time for the entire patient population was 21.4 ± 12.2 months (range 2-68 months). The mean age for the entire study population was 50.7±12.7 years old (range 26-75 years old). Nineteen patients (47.5%) were females. Twenty-seven patients (67.5%) had symptoms in their dominant side.
Patients completed the simple shoulder test, ASES scoring system, activity scale, and visual analogue scale at their initial visit [16] . Patient demographics were also recorded, along with hand dominance, duration of symptoms, status of rotator cuff tear (presence or absence of a full-thickness tear), radiographic evidence of glenohumeral osteoarthritis, any previous treatment, and current treatments.
Forty-three patients (87.7%) had an MRI evaluation. MRI evaluation of rotator cuff tendinopathy has reported sensitivity ranging from 84-96%, with some studies reporting 99% [8, 33, [35] [36] [37] . Tendinopathy was characterized by increased intra substance signal on short TE sequences that is not as bright as fluid on T2-weighted images [17] . A fullthickness tear was diagnosed when there was complete disruption of all tendon fibers or when the signal within the cuff tendons was isointense. A partial-thickness tear was diagnosed if fluid intensity was adjacent to only one of the surfaces and/or some, but not all, of tendon fibers are in discontinuity [29, 42] . An ultrasound evaluation was obtained for one patient, which documented a full-thickness tear of the supraspinatus. No imaging study was indicated in five cases, because a rotator cuff tear was not suspected and no surgical intervention was being considered at the time of evaluation. These patients were included in the "no fullthickness tear" group, because no tear was documented.
Patients enrolled in the study received 3 mL of 1% lidocaine + 3 mL of 0.25% Marcaine + 80 mg of depomedrol [6] . All subacromial injections were performed by the senior author via an anterolateral approach. Patients completed physical therapy and were prescribed Naproxen (Naprosyn®, Roche Laboratories, Nutley, NJ) 500 mg PO BID for a 6-week duration. All patients were prescribed a standardized program of physical therapy consisting of passive, active-assisted, and active range-of-motion exercises for the shoulder in forward elevation (sagittal plane), external rotation, and internal rotation, as well as scapular stabilization and isometric exercises for the rotator cuff and the deltoid. Thera-Band (Hygenics, Akron, OH) strengthening exercises for the rotator cuff muscles and deltoid were added once improvement of pain and range of motion were noted. Physical therapy modalities such as cryotherapy, ultrasound, and electrical stimulation were also used.
Failure was defined as an indication for surgical management at any time after the injection due to continued symptoms. Patients that were not indicated for surgery were reevaluated at a minimum a 12-month period with the simple shoulder test (SST), ASES, and activity scale. Patients were contacted for follow-up by phone, regular mail, and electronic mail. At follow-up, they reported whether they had treatment with additional corticosteroid injections or surgical interventions. Patients who did not return to the office for routine follow-up evaluations were contacted via phone, mailed questionnaires or emailed the link for an online survey, and asked if they sought surgical management or not. An online survey company was used for electronic survey collection (www.surveymonkey.com, Menlo Park, CA).
Means, standard deviations, and percentages were used as descriptive variables. For statistical comparisons, t tests were used for continuous data and Chi-square tests for binary variables.
Results
Patient age, sex and arm dominance were not predictive of failure of CSI in this patient population. There was no significant difference in patient age between groups: 51.5 ± 12.3 years old in the nonsurgical group and 49.5±13.3 years old in the group that elected to undergo surgery (p00.81). Nine (36%) of the 25 patients that had a successful outcome with the CSI were females, in contrast to 11 (68.8%) females among the 16 that failed the treatment (p00.04). When adjusted for multiple comparisons, this is no longer significant. The dominant extremity was affected in 18 of 25 nonsurgical patients (72%), and in ten of 16 surgical patients (62.5%). This difference was not statistically significant (p00.52).
No difference was found in the duration of symptoms (p00.38) when patients successfully treated with CSI were compared to those who failed and required surgical treatment. The duration of symptoms prior to injection was variable, ranging from 1 to 180 months (mean, 12.4±29; median, 5). Patients who had a successful treatment with the CSI were symptomatic, in average, for 9.0±12.4 months (range, 1-60; median, 5). The mean duration of symptoms in the surgical group was 17.4±43.7 months (range, 1-180; median, 4). It should be noted that the duration of symptoms did not show a normal distribution in this study's population (Kolmogorov-Smirnov Z test, p<0.05).
The presence of a full-thickness rotator cuff tear was not more common in the failed treatment group (p00.19). Only six patients (14.6%) had a documented full-thickness tear of the rotator cuff. Full-thickness tears were present in two (8%) patients in the nonsurgical group. In contrast, the surgical group had four (25%) patients with a full-thickness rotator cuff tear. In all, four (66.7%) of the patients with full-thickness tears elected to undergo surgery for their problem compared to 12 of 34 (35%) patients without full-thickness tears.
Baseline activity and severity of symptoms were not predictors of success or failure of the CSI. The baseline activity score was 10.4±5 in the group that did not require surgery, and 11.8±6.2 in the surgical group (p00.44). Mean score at follow-up in the nonsurgical group was 9.8±5.3. The change in comparison to the baseline score was not statistically significant (p00.49). The subjective shoulder scoring scales showed a normal distribution in our study population (Kolmogorov-Smirnov Z test, p values all >0.05). Baseline ASES score in the affected side was 52.5 ±22.6 in the nonsurgical group, and 48.2±25.2 in the group that failed CSI (p00.61). Mean ASES in the affected side at follow-up in the nonsurgical group was significantly improved to 70.8±22.3 (p00.01). Baseline SST score in the nonsurgical group was 60.6±21.4 and 69.4±31.6 in the surgical group (p00.30). Follow-up SST scores in the nonsurgical group was, in average, 65.7±25.9. This change in SST scores was not statistically significant (p00.28).
Discussion
There is a paucity of literature supporting the role of corticosteroid injection in the management of rotator cuff disease [17] . Only two out of four randomized controlled trials found a difference in pain after treatment of cuff tendinopathy: one showing improvement with NSAIDs in tendonitis and the other finding CSI beneficial for small cuff tears [2, 5, 27, 47] . The aim of this study was to assess whether patient characteristics, duration of symptoms, presence of a full-thickness tears, and baseline activity level could help identify which patients will benefit from conservative treatment modalities and which will benefit more from a surgical intervention. Over one third of the patients treated following the described strategy for conservative management of rotator cuff tendinopathy had failed the treatment and had surgery (or in one case planning to have surgery) due to persistent symptoms. Patients with full-thickness rotator cuff tears tended to have higher failure rates after this strategy for conservative management, although this did not reach statistical significance in our study. We found no correlation of age, hand dominance, or duration of symptoms with the success rate of conservative management. Similarly, symptom severity and baseline patient activity level did not have prognostic value in trying to identify which patients would have a better outcome after CSI.
One limitation of this study is the small sample size, which did not allow separate analysis of different stages of rotator cuff pathology. The classification of the rotator cuff status as full-thickness tear vs. no full-thickness tear might be inadequate. Patients without a full-thickness tear may have a very different level of compromise of their tendon, ranging from mild inflammatory changes in a structurally intact tendon to partial-thickness tears. Also, full-thickness tears may be of different sizes, may compromise one, or several tendons, and may have variable biomechanical consequences in shoulder function. For these reasons, not all the patients with full-thickness tear should be expected to have the same response to treatment, and the same applies to the patients with no full-thickness tears. However, differentiation of these levels of pathology is often difficult before the cuff is directly assessed at the time of surgery, and the clinician faces this problem when the initial therapeutic decision has to be made. Although most patients had an imaging study to document the status of their rotator cuff, MRI being the most commonly used, a minority of the patients did not have any imaging study. Imaging was ordered only when it was considered to be helpful in guiding further treatment. Since these patients did not have a fullthickness tear documented, they were not included in the full-thickness tear group. The fact that we did not have documentation of the cuff status in these five patients is a limitation in this study. Another limitation is that all the patients were already obtaining a surgical consultation when they were included in the study, which causes selection bias. The characteristics of this population may not be comparable to the general population with rotator cuff pathology.
In this study, patients followed a standardized model of NSAIDs, physical therapy, and corticosteroid injection. We routinely inject for symptoms of over a 3-month duration that affect activities of daily living; or if less than 3 months and symptoms are very severe and waking the patient; or following failed physical therapy and NSAIDs. Wolf et al. proposes a similar algorithm of treatment after a 3-month duration [48] . In some cases, we treat non-traumatic, nonacute cuff tears nonoperatively prior to recommending surgery, so we included these patients. This report describes our results on a consecutive series of patients in order to evaluate our treatment algorithm since there is very little literature to support or refute our treatment for this very common problem. Using our indications for CSI along with physical therapy and NSAID, a successful outcome for a given patient is difficult to predict. Our treatment strategy, which included NSAIDs, physical therapy, and subacromial corticosteroid injection, showed a 40% failure rate.
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